SUPPLEMENTARY FIGURES
Supplementary Figure S1 . PBAT enables highly efficient library preparation for whole-genome bisulfite sequencing. (Left) Conventional methods before development of PBAT first attach adaptors to both ends of DNA fragments, and then bisulfite treatment is performed. In this scheme, however, because bisulfite treatment frequently cuts DNA at random, the library molecule structure (i.e., DNA attached with adaptor sequences at both ends) will be lost. (Right) In contrast, because the adaptor tagging is performed after bisulfite treatment in the PBAT scheme, the structure of library molecules is not lost after adaptor tagging. Because bisulfite-treated DNA is single stranded, an efficient method for adaptor tagging to ssDNA is required for implementation of the PBAT scheme. commercially available RNA ligases were tested in the scheme shown in (A). Donor ODN was used after adenylation by Mth RNA ligase, a component of the 5′ DNA adenylation kit (New England Biolabs). The adenylation reaction was performed in 100 µL of a solution that contained 1× TACS basal buffer [50 mM HEPES-KOH, pH 7.5, 10 mM MgCl2, 0.5% Triton X-100], 1 mM ATP, 2 µM P-anti-PEA2-P (as a donor ODN, see Supplementary Table S1 ), and 250 pmol of Mth RNA ligase, by incubating at 60 °C for 2 h and then at 95 °C for 5 min. The ribotailing reaction was performed in 100 µL of a solution containing 1× TACS basal buffer, 1 mM ATP, 2 µM N60 (as an acceptor ODN, see Supplementary Table S1 ), and 200 U of TdT (Takara Bio Inc.), by incubating at 37 °C for 2 h and then at 70 °C for 10 min. The acceptor ODN without ribotailing was prepared in the same manner, except that the reaction mixture did not contain TdT. The adenylated and ribotailed ODNs were used without further purification. The ligation reaction was performed in a 50 µL mixture that contained 1× TACS basal buffer, 100 µM ATP, 10% PEG400, 400 nM pre-adenylated donor ODN, and 400 nM acceptor ODN with or without ribotailing. For reactions with T4 RNA ligase and T4 RNA ligase 2, 40 U and 10 U of enzyme, respectively, was added to the reaction, the reaction mixtures were incubated at 25 °C for 1 h, and the enzymes were heat-inactivated at 70 °C for 10 min. For reactions with Mth RNA ligase (Mth-W) and 5′AppDNA/RNA ligase (Mth-M, New England Biolabs), 50 pmol and 20 pmol of enzyme, respectively, was added to the reaction. Next, the reaction mixtures were incubated at 65 °C for 1 h and the enzymes were heat-inactivated at 95 °C for 10 min. After the reactions, samples were analyzed using denaturing polyacrylamide gel electrophoresis with 10% Novex TBE-Urea Gel (Invitrogen). After the electrophoresis, the gel was stained with SYBR Gold Gel stain (Invitrogen) and image was obtained using a ChemiDoc system (Bio Rad Laboratories, Hercules, CA).
Supplementary Figure S3 . Ribotailing and polyethylene glycol (PEG) enhance ssDNA ligation.
Ligation efficiencies were compared under varying reaction conditions. T4 RNA ligase (A) and thermostable 5′AppDNA/RNA ligase (B) were tested. Since T4 RNA ligase exhibits adenylation activity, the reaction was performed with 5′-phosphorylated and 5′-adenylated donor ODN.
Conversely, because the thermostable 5′AppDNA/RNA ligase lacks the adenylation activity, only pre-adenylated donor ODN was used. Adenylation and ribotailing of donor and acceptor ODNs were achieved as described in Supplementary Figure S2 , and the modified ODNs were used without further purification. The reaction was performed in 20 µL of a solution containing 1× TACS basal buffer, 250 µM ATP, 500 nM donor, 500 nM acceptor, and 40 U of T4 RNA ligase or 20 pmol 5′AppDNA/RNA ligase. The reaction mixture was incubated at 37°C for 2 h for T4 RNA ligase and 65°C for 2 h for 5′AppDNA/RNA ligase. After terminating the reaction with incubation at 95°C for 5 min, samples were analyzed using denaturing polyacrylamide gel electrophoresis as described in Supplementary Figure S2 .
Supplementary Figure S4 . Relationship between the efficiency of TACS ligation and molecular weight of PEG. The ability to enhance TACS ligation was compared among six PEG compounds of different molecular weights. When present at 10%, no PEG compound resulted in enhancement of TACS ligation efficiency; at 20%, the improvement was more pronounced when PEG with molecular weight higher than 1450 was used. Ribotailing of acceptor ODNs was achieved as described in Supplementary Figure S1 , and the modified ODNs were used without any purification.
The reaction was performed in 20 µL of a reaction solution containing 1× TACS basal buffer, 250 µM ATP, 1 µM donor (P-anti-PEA2-P), 500 nM ribotailed acceptor, and 2 µg of TS2126 RNA ligase.
The reaction was performed by sequentially incubating at 65°C for 2 h and 95°C for 5 min. After the reactions, samples were analyzed using denaturing polyacrylamide gel electrophoresis as Supplementary Table S1 ), 40 U of TdT, 1 mM of ribonucleotide triphosphate, and 20% (w/v) PEG6000, in a total volume of 50 µL. First, ribotailing was performed by incubation at 37°C for 2 h; the enzyme was then heat-inactivated by incubating at 70°C for 10 min. Next, 1 µL of 100 mM ATP and 100 pmol of donor (P-anti-PEA2-P) was added, with or without 2 µg of TS2126 RNA ligase. The reaction mixture was incubated at 65°C for 2 h. After the reactions, samples were analyzed using denaturing polyacrylamide gel electrophoresis as described in Supplementary Figure Comparisons of methylation level (left panels) and read depth (right panels) at single nucleotide resolution (top panels) and 1,000-bp bin (bottom panels) are shown. Cytosines mapped with minimum 10 reads are used for the calculations of methylation levels. Supplementary Table S1 . Oligonucleotides used in the current study *1 N denotes an equimolar mixture of A, C, G, and T. "Number" refers to the nucleotide length. In the current study, stretches of 40, 60, 80, 100, 120,
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Name
Nucleotide sequence and chemical modifications
N10-3rA-anti-PEA2 Median read depth All bases 6 10 12 18
All C 6 11 13 21
All C of CpG contexts 5 11 14 23
All C of CHG contexts 6 12 14 21
All C of CHH contexts 5 11 13 21 Supplementary Table S7 . Library yields and mapping rate of reads were compared between tPBAT and rPBAT. The data presented in Figure 3 is shown with mapping rate. For yield of library, three independent preparations were summarized (mean and standard deviation are shown).
For some representative conditions, sequencing was performed with Illumina MiSeq sequencer. The rates of uniquely mapped reads are shown. Supplementary Table S8 . Sequence data generated in the current study and accession numbers. This is because the bisulfite-treated DNA is now double-stranded and excessive primers in the solution serve as a carrier DNA to prevent the adsorption of template DNA to tube wall.
